THE CHEST ROENTGENOGRAM is used in the clinical management of patients with acute myocardial infarction in an attempt to estimate underlying left ventricular performance. '-However, the relationship between left ventricular filling pressure and the presence of pulmonary congestion is often unpredictable. Timmis et al.7 were able to demonstrate pulmonary edema in 12 infarct patients without observing a significant increase in left ventricular filling pressure. The disparity between radiographic congestion and clinical signs of pulmonary edema has been ascribed experimentally and clinically to a lag between clinical therapy and delayed radiographic clearing. 5 8.9 We From the Department of Radiology, San Diego Veterans Administration Medical Center, and the University of California, San Diego.
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have seen five patients with acute myocardial infarction, chest radiographs demonstrating interstitial and localized alveolar edema, and mean pulmonary capillary wedge pressures of less than 15 mm Hg; these patients had not undergone significant diuresis.
During acute experimental myocardial infarction (in the absence of elevated pulmonary hydrostatic microvascular pressure) a series of studies has demonstrated increased capillary protein permeability, increased lung lymph protein transport, and elevated extravascular lung water (EVLW). 1 The indicator-dilution curves were digitized at 10 samples/ sec with a Talos digitizer interfaced to a Tektronix 4051 tabletop calculator. The peak of the curve was determined by the computer as the maximal deflection, and a monoexponential curve fit was applied to the downslope portion of the curve (between 30% and 70% of the way between the peak and baseline of the curve). The area under the curve was calculated and the mean transit time was obtained in the usual fashion. " The densitometer was calibrated with known concentrations of indocyanine green and was found to have a linear output over the concentrations examined. The delay in transit time through the withdrawal catheter was evaluated from a step input of green dye at the withdrawal speed used in this study. All reported times have been corrected for catheter delay.
Mean circulation times could be calculated from the bolus injections of green dye into the pulmonary artery and then the left atrium. Mean pulmonary transit time (MPTT) represented the difference between the mean time obtained from the pulmonary arterial and left atrial curves. Duplicate measures were averaged and triplicate thermodilution measures of cardiac output (CO) (see below) were made. PBV could then be derived from the equation13 PBV = MPYT x CO 60 EVLW. In this study, heat was used as the diffusible indicator. The accuracy of this technique has been validated by correlation of postmortem gravitometric measures of EVLW with the values obtained from this double-indicator approach (in which indocyanine green or hypertonic saline is used as the intravascular marker). These studies in dogs, 1'2 baboons,22 and humans undergoing heart and lung transplantation23 have reported correlations ranging from .81 to .99. The femoral artery thermistor has been shown to accurately measure cardiac output.24 This technique has a coefficient of variation for measuring lung water of 6% to 10%, with a 10% to 15% loss of the thermal indicator between the pulmonary artery and the left atrium, 19 24 probably caused by some heat loss into the left heart, chest wall, and nonfluid spaces in the lungs. 19 Neither recirculation nor reduced flow exaggerated these heat losses significantly,24 and neither pleural nor pericardial fluid influenced measures of lung water. '9 A 10 ml volume of iced saline mixed with a known amount of indocyanine green dye (2 mg) was injected into the proximal pulmonary artery (similar to the green dye injection) and simultaneous time-temperature and time-density curves were derived from the aortic thermistor. Both curves were recorded on the strip chart recorder at a rate of 10 mmlsec to confirm the integrity of the curve. The data from the thermistor and the densitometer were analyzed on-line by a specially constructed microprocessor (Model 9310; Edwards Laboratory, Santa Ana, CA). From these curves mean thermal time (MTT), mean green dye time (MPAT), and cardiac output (CO) could be derived. EVLW was calculated from the equation
MPAT was corrected for catheter withdrawal, and no attempt was made to control respiration during the injections. All measures were made in triplicate and averaged. In 37 mongrel dogs in our laboratory (nine control, 19 with oleic acid pulmonary injury, and the remainder with left atrial balloon pulmonary congestion) we found an excellent correlation between the thermal/green dye and gravimetric assessment of EVLW (r = .86, y = .92x + 35 ml). We also sequentially analyzed EVLW and PBV over 120 min in three anesthetized, mechanically ventilated dogs catheterized with left atrial balloons. In these animals the coefficients of variation of triplicate measures of EVLW and PBV were 5.7% and 5.1%, respectively. Four more animals were studied during the production of pulmonary edema with a left atrial balloon, and the coefficients of variation for EVLW and PBV did not differ from those above.
Study protocol. The 
Results
The hemodynamic data are presented in table 1 . There were no significant differences between the groups with respect to left atrial pressure at any of the three data collection points. After coronary ligation there was a significant decline in cardiac output and aortic pressure in group 2; however, during left atrial hypertension there was no difference in these parameters when groups 1 and 2 were compared. Pulmonary vascular resistance during atrial hypertension was greater in group 2 (13.2 ± 3.7 vs 9.3 + 2.1 mm Hg/1/ min; p < .05).
The changes in pulmonary fluid volumes are given in table 2 and figure 1. In group 2 there was no change in PBV after coronary ligation. Both groups had significantly increased PBV when the left atrial pressure was mechanically elevated, and there were no significant differences in PBVs between the two groups during left atrial hypertension (10.1 ± 2. 1 ml/kg in group 1, 9.0 + 1.7 ml/kg in group 2; .1 > p > .05).
After coronary ligation there was a small but significant (mean increase of 19 ± 3%) elevation of EVLW (6.9 ± 0.4 to 8.2 ± 0.5 ml/kg). EVLW was significantly greater in group 2 animals than in group 1 dogs at the corresponding time before left atrial pressure elevation (8.2 + 0.5 vs 7.0 ± 0.5 ml/kg; p < .05). This difference between the groups persisted during left atrial hypertension (14.9 + 1.3 ml/kg in group 1 vs 20.1 ± 1.4 ml/kg in group 2; p < .0 1). The ratio of extravascular fluid determined at the end of the study by the indicator dilution technique (EVLW ratio group 1/group 2 = 0.74 ± 0.05) was similar to the postmortem data (wet weight/dry weight ratio of group 1/group 2 = 0.80 ± 0.04). The group 1 animals had a wet/dry ratio at the peak elevation of left atrial pressure of 7.7 ± 0.5 g/g dry weight vs 9.6 ± 0.8 g/g dry weight in group 2 dogs (p < .05).
Discussion
Vriem et al. 26 found that during cardiogenic pulmonary edema there was transudation of relatively protein-poor fluid into the interstitial and alveolar spaces in the lung and that the free interstitial, alveolar, and airway fluid protein content was roughly 50% of the corresponding plasma values. During elevations in pulmonary microvascular pressure, and in particular, in conjunction with a reduction in intravascular oncotic pressure, there is a gradual expansion of the extravascular fluid.8' 9,27,28 This experimental increase in interstitial fluid volume is rarely associated with pulmonary edema without significant reduction in intravascular protein,26'29 which results in an increase in relatively protein-poor lymphatic flow from the lung.30 '31 In general these studies have involved the use of mechanical Left ventricular mechanical failure during acute myocardial infarction has been assumed to be the sole cause of pulmonary congestion. In essence, systolic and diastolic dysfunction are presumed to result in hydrostatic congestion. In clinical practice, radiographic edema and left ventricular filling pressure have often been found to correspond poorly.'-7 To a large extent, chest x-ray "lag" has been blamed for this disparity,8' 9 i.e., therapy alters intravascular volume and pressure before mobilization of extravascular fluid.
Two clinical studies have examined the ratio of the protein content of airway edema fluid to that of blood and found that in patients with acute myocardial infarction, this ratio ranked somewhere between that reported in normal subjects and individuals with capillary endothelial leak syndromes. 32 
